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(54) Vein filter 

(57) A vessel filter comprises a first region and a sec- 
ond region wherein the filter is movable between a col- 
lapsed position for delivery to the vessel and an expand- 
ed position for placement within the vessel. A first region 
has a filter portion (1 9) having a converging region (21 ) 
to direct particles toward the center of the filter, and the 
second region (17) is flared in the expanded position to 
have a transverse dimension increasing toward a second 



end portion opposite the first end portion. The second 
region includes a vessel engaging portion (72a, 72b) at 
the second end portion. The first region includes a plu- 
rality of spaced apart elongated struts (14) and a plurality 
of connecting struts (14a, 14b) extending at an angle 
from the elongated struts, and a spacer (40a, 40b) ex- 
tending radially with respect to a longitudinal axis of the 
filter.. 
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Description 
BACKGROUND 

Technical Field 5 

[0001 ] This application relates to a vascular filter and 
more particularly to a vein filter for capturing blood clots 
within the vessel. 

Background of Related Art 

[0002] Passage of blood clots to the lungs is known as 
pulmonary embolism. These clots typically originate in 
the veins of the lower limbs and can migrate through the 
vascular system to the lungs where they can obstruct 
blood flow and therefore interfere with oxygenation of the 
blood. Pulmonary embolisms can also cause shock and 
even death. . 

[0003] In some instances, blood thinning medication, 
e.g. anticoagulants such as Heparin, or sodium warfarin 
can be given to the patient. These medications, however, 
have limited use since they may not be able to be admin- 
istered to patients after surgery or stroke or given to pa- 
tients with high risk of internal bleeding. Also, this med- 
ication approach is not always effective in preventing re- 
curring blood clots. 

[0004] Therefore, surgical methods to reduce the like- 
lihood of such pulmonary embolisms by actually blocking 
the blood clot from reaching the lungs have been devel- 
oped. To this end, minimally invasive surgical techniques 
have been developed involving the placement of a me- 
chanical barrier in the inferior vena cava. These barriers 
are in the form of filters and are typically inserted through 
either the femoral vein in the patient's leg or the right 
jugular vein in the patient's neck or arm under local an- 
esthesia. The filters are then advanced intravascularly 
to the inferior vena cava where they are expanded to 
block migration of the blood clots from the lower portion 
of the body to the heart and lungs. 
[0005] These prior filters take various forms. One type 
of filter is composed of coiled wires such as disclosed in 
U.S. Patent Nos. 5,893,869 and 6,059,825. Another type 
of filter consists of legs with free ends having anchors for 
embedding in the vessel wall to hold the filter. These 
filters are disclosed, for example, in U.S. Patent Nos. 
4,688,553. 4,781,173, 4,832,055, and 5,059,205, 
5,984,947 and 6,007,558. Another type of filter is dis- 
closed in U.S. Patent no. 6,214,025 consisting of wires 
twisted together to form a cylindrical anchoring portion 
conforming to the inner vessel wall surface to exert a 
radial force and a conical filtering portion. 
[0006] Several factors have to be considered in de- 
signing vein filters. One factor is that the filter needs to 
be securely anchored within the vessel wall, while avoid- 
ing traumatic engagement and damage to the wall as 
well as damage to the neighboring abdominal aorta. An- 
other factor is that the filter must be collapsible to a suf- 



ficiently small size to be easily maneuvered and atrau- 
matically advanced intravascularly to the inferior vena 
cava or othertarget vessel. Thirdly, the filter should direct 
the blood clots to the center of the vessel to improve 
dissolution of the clot within the vessel by the blood flow. 
[0007] The filters disclosed in the commonly assigned 
co-pending application 10/889,429 (hereinafter the '429 
application") (EP-A-1 616 530), the entire contents of 
which are incorporated herein by reference, satisfy the 
foregoing parameters. The filters have sufficient anchor- 
ing force to retain the filter within the vessel while provid- 
ing atraumatic contact with the vessel wall, have a min- 
imized insertion (collapsed) profile to facilitate delivery 
through the vascular system to the surgical site, and di- 
rect migration of the captured blood clots to the center 
of the vessel. The filters also provide simplified insertion 
through the femoral or the right jugular vein or arm into 
the inferior vena cava 

[0008] The filters of the '429 application can advanta- 
geously be readily removed minimally invasively, e.g. in- 
travascularly, from the patient, thus advantageously pro- 
viding for a temporary filter. Thus, these filters advanta- 
geously strike the balance of having structure to provide 
sufficient anchoring while enabling atraumatic removal 
from the vessel after a period of time. Certain filters of 
the '429 application also advantageously have a retrieval 
end configured to facilitate grasping by a snare as well 
as to facilitate withdrawal by providing a smooth transition 
into a retrieval sheath. 

[0009] The filters of the '429 are very effective in 
achieving their desired functions, whether used as a per- 
manent or temporary fitter. It is an object of the present 
application to provide a modification to the filters to even 
further facilitate removal if used as a temporary filter. 
[0010] The filters of the '429 application also have ef- 
fective retention hooks to grasp the vessel wall to prevent 
migration of the filter. It is an object of the present appli- 
cation to provide an alternative retention hook to even 
further enhance retention. 

SUMMARY 

[001 1] According to the present invention there is pro- 
vided a vessel filtercomprising a f irst region and a second 
region, the filter movable between a collapsed position 
for delivery to the vessel and an expanded position for 
placement within the vessel, the first region having a fitter 
portion having a converging region to direct particles to- 
ward the center of the filter, the first region including a 
plurality of spaced apart elongated struts and a plurality 
of connecting struts extending at an angle from the elon- 
gated struts, the second region being flared in the ex- 
panded position to have a transverse dimension increas- 
ing toward a second end portion opposite the filter por- 
tion, the second region including a vessel engaging por- 
tion at the second end portion, the first region having a 
spacer extending radially with respect to a longitudinal 
axis of the filter. 
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[001 2] In one embodiment, the spacer is formed from 
a spiral cutout in the first region of the filter. In one em- 
bodiment, the spacer comprises two portions extending 
on opposite sides of the filter, for example as two looped 
portions. 

[0013] The spacer may be formed integrally with the 
filter and may be formed of shape memory material. 
[001 4] In some embodiments, two spacers may be pro- 
vided. 

[0015] The vessel engaging portion may include ves- 
sel engaging hooks having a plurality of teeth. The vessel, 
engaging hooks may include a heel extending past the 
hook. 

[0016] In one embodiment, the filter is formed from a 
laser cut tube composed of shape memory material. 
[0017] In one embodiment, the converging region ter- 
minates in a tubular portion, each of the elongated struts 
in the first region extends outwardly from the tubular por- 
tion, the at least one spacer in the expanded position 
extending radially from the tubular portion. The spacer 
may be formed from a spiral cut in the tubular portion. 
The spacer may have a looped shape memory position 
and during delivery may have a collapsed position sub- 
stantially flush (aligned) with the tubular portion. 
[001 8] In one embodiment the first region may further 
include a retrieval region, the retrieval region including a 
hook having a cutout exposing an internal annular sur- 
face, the annular surface dimensioned to receive a por- 
tion of a retrieval sheath. 

[001 9] According to another aspect of the present in- 
vention there is provided a vessel filter comprising a body 
made from a single tube, the tube cut to create a plurality 
of elongated struts, a tubular region proximal of the struts 
and having a spiral cut therein to form a radial spacer, 
the radial spacer substantially aligned (flush) with the tu- 
bular portion in a collapsed position and extending out- 
wardly from the tubular portion in the expanded position 
to space a retrieval region of the filter from a vessel wall. 
[0020] In one embodiment the filter includes intercon- 
necting struts in a filtering region of the body to form 
closed geometric shapes. 

[0021] In one embodiment, the retrieval region in- 
cludes a hook having a cutout exposing an internal an- 
nular surface and vessel engaging hooks are positioned 
at the second region. 

[0022] In one embodiment, the spiral cut has a first cut 
portion to form a first spacer and a second cut portion to 
form a second spacer. In one embodiment, the first and 
second spacers extend from a proximal end of the re- 
spective first and second cut portions and in another em- 
bodiment the first and second spacers extend from a dis- 
tal end of the respective first and second cut portions. In 
another embodiment, the first spacer extends from a 
proximal end of the first cut portion and the second spacer 
extends from the distal end of the second cut portion. 
[0023] The filter may have a first length from the prox- 
imalmost end to the distalmost end in a collapsed position 
and a second length from the proximalmost end to the 



distalmost end in the expanded position, the first length 
being greater than the second length. 
[0024] In one embodiment, a portion of the tubular por- 
tion may contract to close the gap created by the spiral 
5 cut. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Preferred embodiment(s) of the present disclo- 
10 sure are described herein with reference to the drawings 
wherein: 

Figure 1 is a perspective view of a first embodiment 
of a vein filter of the present in ve ntion i n the collapsed 
15 (retracted) configuration, and shown removed from 
a delivery tube/sheath; 

Figure 2 is an enlarged broken side view of a portion 
of the vein filter of Figure 1 ; 
Figure 3 is a developed view of the retention hooks 
20 of the vein filter of Fig. 1 ; 

Figure 4A is a perspective view of the vein filter of 
Figure 1 in an expanded (radially extending) config- 
uration; 

Figure 4B is a side view of the vein filter of Figure 4A; 

25 Figure 5 is a front view of the vein filter of Figure 4A; 
Figure 6 is a side view of the vein filter of Figure 1 
with the struts in the expanded configuration and the 
spacers in the collapsed configuration; 
Figure 7 is a close up perspective view of the detail 

30 of Figure 6; 

Figure 8 is a perspective view of a cranial end of a 
filter of the '429 application showing the retrieval 
hook of the filter; 

Figure 9 is a view similar to Figure 8 except showing 
35 the cranial end of the filter of Figure 1 , the spacers 
shown in the collapsed position; 
Figure 9A is a perspective view of an alternate em- 
bodiment of the retrieval portion of the filter having 
an extended hook; 
40 Figure 1 0 is a view similar to Figure 9, except show- 
ing a broken view of the spacers extending radially 
from the tubular portion; 

Figure 1 1 is a perspective view of an alternate em- 
bodiment of a vein filter of the present invention hav- 

45 ing a single spacer loop, the filter and spacer shown 
in the expanded configuration; 
Figure 12 is a front view of the filter of Figure 1 1 ; 
Figures 13, 14, and 15 illustrate delivery and place- 
ment of the vessel filter of Figure 1 in the inferior 

50 vena cava wherein Figure 1 3 illustrates initial inser- 
tion of the delivery sheath through the femoral vein, 
Figure 14 illustrates the delivery sheath being ad- 
vanced toward the inferior vena cava just below (up- 
stream) the juncture of the renal arteries; and Figure 

55 15 illustrates the filter in the expanded placement 
configuration in the inferior vena cava; 
Figure 15A illustrates an initial step in removal of the 
filter from the inferior vena cava by a retrieval snare 
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and catheter; 

Figure 1 6 is a side view of an alternate embodiment 
of the filter of the present invention having spacers 
at different angles to the longitudinal axis of the filter, 
the spacers shown in the expanded position; 
Figure 17 is a perspective view of an alternate em- 
bodiment of the filter of the present invention having 
a single spacer extending in a single plane, the spac- 
ers shown in the expanded position; 
Figure 1 7A is a close up view of the area of detail of 
Figure 17; 

Figure 1 8 is a perspective view of another alternate 
embodiment of a filter of the present invention having 
a single spacer extending in multiple planes; 
Figure 1 9 is a perspective view of the cranial end of 
another alternate embodiment of a filter of the 
present invention having two spacers, the spacers 
shown in the expanded position; 
Figure 19A is a view similar to Figure 19 except 
showing the spacers in the collapsed position; 
Figure 20 is a perspective view of the cranial end of 
yet another alternate embodiment of a filter of the 
present invention having two spacers, the spacers 
shown in the expanded position; 
Figure 20A is a view similar to Figure 20 except 
showing the spacers in the collapsed position; 
Figure 21 is a perspective view of the cranial end of 
another alternate embodiment of a filter of the 
present invention showing the two spacers in the ex- 
panded position; 

Figures 22A-22C illustrate another alternate embod- 
iment of the cranial end of a filter of the present in- 
vention wherein Figure 22A is a perspective view of 
the cranial end in the collapsed configuration, Figure 
22B is a side view in the collapsed configuration and 
Figure 22C is a perspective view in the expanded 
configuration. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0026] Turning now to the drawings, wherein like ref- 
erence numerals identify similar or like components 
throughout the several views, the vein filters of the 
present invention are described for placement within the 
inferiorvenacavato capture blood clots or other particles 
which could otherwise pass to the lungs. 
[0027] The filter is movablef rom a low profile collapsed 
configuration to facilitate insertion through the delivery 
sheath to a larger expanded placement configuration to 
enable atraumatic engagement with the vessel walls to 
secure (mount) the filter within the inferior vena cava. 
The filter is preferably substantially bell-shaped and pref- 
erably has a flared or mounting region (portion/section) 
and a filtering region (portion/section). Thefiltering region 
has inwardly directed struts, terminating in a converging 
region, thereby directing particles toward the central axis 
of the filter. By directing the particles to the center, they 



will be exposed to greater blood flow (since there is great- 
er flow at the center than hear the wall of the vessel) 
which improves dissolution of the particles. The filter in- 
creases in transverse dimension to form a flared region. 
5 The flare provides less contact area than a straight re- 
gion, resulting in less tissue ingrowth to facilitate removal 
of the filter if desired. The flare also reduces the chance 
of vessel distortion if inserted into a curved vena cava. 
The filter also has spacers to space the cranial end of 
the filter from the vessel wall to facilitate removal. 
[0028] Turning now to details of the filter of the present 
invention and with initial reference to Figures 1 and 2, 
the filter is designated generally by reference numeral 
1 0 and is shown in a collapsed configuration for delivery. 
Filter 10 is preferably formed from a single tube 1 1 . In a 
preferred embodiment, the filter tube 1 1 is composed of 
shape memory material, such as Nitinol, a nickel titanium 
alloy, or elgiloy, however, other materials such as stain- 
less steel are also contemplated. A plurality of cutouts 
are formed in the filter 10, preferably by laser cutting al- 
though other techniques are contemplated. In the illus- 
trated embodiment, six elongated cutouts are formed, 
creating six strips or struts 14 of substantially uniform 
width separated by the cutouts. 
[0029] The collapsed configuration of filter 1 0 reduces 
the overall profile to facilitate delivery to the site. The 
diameter or transverse dimension of filter 10 in the col- 
lapsed configuration is preferably about 2mm and more 
preferably about 1 .7mm. Other dimensions are also con- 
templated. The filter is thus preferably dimensioned for 
insertion through a 6 French delivery system and through 
a 6 French catheter. The diameter or transverse dimen- 
sions of the filter in the expanded placement configura- 
tions (e.g. Figs. 4A and 4B) is greater than the diameter 
or transverse dimension in the collapsed (delivery) con- 
figuration of Figure 1. 

[0030] Figures 4-5 illustrate the expanded placement 
configuration of the filter 10. Figures 6 and 7 illustrate the 
expanded configuration of the struts with the spacers in 
the collapsed position (not exposed from the sheath) to 
help illustrate the invention, a configuration that would 
occur briefly. Fitter 1 0 is generally bell-shaped in config- 
uration. Filter 1 0 has a flared region 1 7 and a converging 
region 21 at the filtering section 19. The transverse di- 
mension of the filter at the flared (or mounting/anchoring) 
region 17 is greater than the transverse dimension at 
filtering section 19. Diameters (or transverse dimen- 
sions) preferably range from about 18mm to about 
32mm, depending on the internal diameter of the vessel 
wall as will be explained in more detail below. Other di- 
mensions are also contemplated. The elongated struts 
14 are spaced apart as shown and extend at an angle 
away from the longitudinal axis L of filter 1 0 in region 1 7 
to provide a flare. Preferably, this angle or taper is about 
8°, although other dimensions are contemplated. When 
expanded, the six struts 14, as shown, are preferably 
spaced approximately 60 degrees apart. It is also con- 
templated that a fewer or greater number of struts and 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP 1 894 543 A1 



8 



spacing other than 60 degrees be provided. 
[0031 ] Filtering section 1 9 extends from the flared re- 
gion 1 7, and extends toward the central longitudinal axis 
L of the filter 10 and converges into tubular portion 1 8 at 
the cranial end of the filter. 

[0032] The struts 1 4 of filter 1 0 terminate in hooks 72a, 
72b which extend substantially perpendicular from the 
strut, achieved by torquing the struts at the region 85 so 
the hooks bend out of the plane. A first set of hooks 72a 
is larger than a second set of hooks 72b. Preferably when 
formed in a laser cut tube, hooks 72a are formed so that 
they occupy a region equivalent to the transverse dimen- 
sion of two adjacent struts. Smaller hooks 72b are spaced 
axially with respect to each other and axially inwardly 
with respect to larger hooks 72a as in the filter hooks of 
the '429 application to minimize the collapsed profile 
(transverse dimension) of the filter when collapsed for 
insertion. The penetrating tips 76a, 76b of hooks 72a, 
72b, respectively, penetrate the tissue to retain the filter, 
preferably temporarily, and point distally, toward the cra- 
nial (or distal) end of the filter. 

[0033] Each of the hooks 72a, 72b has a series of teeth 
79a, 79b, respectively to engage the vessel wall to pro- 
vide additional retention to prevent movement of the filter 
in the caudal direction. In a preferred embodiment, the 
larger hooks 72a have four teeth and the smaller hooks 
72b have three teeth, although a different number of teeth 
could be provided. A heel 77a, 77b, is provided which 
extends past (proximalfy or caudal of) the respective 
hook 72a, 72b to function as a stop to prevent the filter 
strut portions from going through the vessel wall. The 
angle of the heel 77b in the smaller hooks. 72b is less 
than the angle in the larger hooks 72a to provide room 
for nesting of the hooks as shown in Figure 3. For clarity, 
not ail of the hooks are fully labeled. Note this hook con- 
figuration with the teeth and/or heel can be utilized with 
the filters of the '429 application. 
[0034] The six filter struts or strut portions 14 curve 
outwardly from tubular portion 18, extend radially there- 
from and divide into two connecting filter struts or strut 
portions 14a, 14b (preferably of equal width, although 
differing dimensions are contemplated) that angle way 
from each other (in different directions) to extend to the 
connecting strut portion of an adjacent strut 14. Thus, 
connecting strut portion 1 4a of one strut 1 4 interconnects 
with the connecting strut portion 14b of an adjacent strut 
at joining region 14d. This forms closed geometric 
shapes 25, preferably substantially diamond shaped in 
configuration. For clarity, not ail of the identical parts are 
labeled in the drawing. 

[0035] In the illustrated embodiment, preferably six 
struts are provided forming twelve interconnecting struts, 
however a different number of struts and closed geomet- 
ric shapes can be provided. Note that, although all six 
struts 1 4 are shown interconnected, it is also contemplat- 
ed that fewer than all the struts can be interconnected. 
Also, the strut width can vary as described with respect 
to the filters disclosed in the '429 application. 



[0036] After convergence of strut portions 1 4a, 14b at 
joining region 14d, it transitions into elongated mounting 
strut portions 1 4c which form flared mounting or anchor- 
ing region 1 7. The length of the strut portions 14c in the 
5 anchoring region 1 9 can vary, with increased/decreased 
length increasing the flexibility/rigidity of the struts. The 
thickness of the strut portions can also vary to affect flex- 
ibility/rigidity. 

[0037] As in the other embodiments described in the 
io '429 applications, terms such as interconnected, joined, 
etc., are used for ease of description, it being understood 
that preferably these portions are integral as they are 
preferably formed from a single tube. Also, mounting 
struts and filter struts used to describe the various em- 
15 bodiments disclosed herein can be considered as mount- 
ing strut "portions" or "sections" and filter strut "portions" 
or "sections" of the same struts if the filter is formed in- 
tegrally, e.g. from a cut tube. 

[0038] The tubular portion 1 8 is preferably in the form 
20 of a retrieval hook 92 as described with respect to the 
embodiment of Figure 20 in the '429 application. Other 
retrieval structure can also be utilized. Hook 92 is de- 
scribed in more detail below. 

[0039] Two spiral cuts 45a, 45b are formed in the tube 

25 during manufacture, preferably by lasercutting, to enable 
two strips to be formed creating first and second spacers 
40a, 40b for the filter. In the collapsed position, spacers 
40a, 40b are in a substantially aligned position with re- 
spect to tubular portion 18, i.e. substantially flush with 

30 the tubular portion 1 8. Spacers 40a, 40b are maintained 
in this collapsed position during delivery to the surgical 
site, (see e.g. Figure 1). The spacers 40a, 40b have a 
shape memorized position forming loops as shown in 
Figure 4A. Thus, once exposed from the delivery sheath, 

35 the spacers 40a, 40b move from their collapsed position 
to their shape memory looped position of Figures 4A, 4B 
and 5. The surface 42a, 42b of the loop of each spacer 
40a, 40b engages opposite sides (lying approximately 
1 80° apart) of the vessel wall to maintain centering of the 

^0 cranial end of the filter and to space tubular portion 1 8 
and retrieval hook 92 away from the vessel wall. This 
spacing prevents tissue ingrowth around the hook, there- 
by making it easier to grasp and remove filter 1 0. 
[0040] The loops of spacers 40a, 40b are open, some- 

45 what oval shaped loops, terminate in ends 44a, 44b and 
lie in substantially alternate spiral planes. The first strip 
cut into tubular portion 18 unravels from a proximal end 
48a of cutout 45a to a distal end 46a of cutout 45a to 
form spiral spacer 40a (see e.g. Figures 4B and 7). The 

so second strip cut into tubular portion 18 unravels from a 
proximal end 48b of cutout 45b to a distal end 46b of 
cutout 45b to form spiral spacer 40b. In the Figure 4 em- 
bodiment, the spacer loops 40a, 40b lie in planes that 
are substantially perpendicular to the longitudinal axis L 

55 of the tubular portion 1 8 and filter 1 0. However, alterna- 
tively the spacer loops could lie in planes at angles other 
than 90 degrees and could lie in planes not parallel to 
each other. Examples of different angles of spacer loops 
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with respect to the longitudinal axis of the tubular portion 
of the filter are shown by way of example in Figure 16. 
Two angled spacer loops (e.g. about 75 degrees) are 
designated by reference numeral 70' and smaller acute 
angled spacer loops, (e.g. about 45 degrees) are desig- 5 
nated in phantom by reference numeral loop 70". The 
other components of the filter are identical to filter 1 0 and 
are designated with corresponding prime (') reference 
numerals. 

[0041] A comparison of Figures 8-1 0 illustrates that in 
the preferred embodiment, the length of tubular portion 
18 remains.substantially. unchanged once the filter is im- 
planted, even with the addition of the spacers. Figure 8 
illustrates a cranial end of a filter of the '429 application 
showing the retrieval hook H of the filter. The tubular por- 
tion P has a length L 1 preferably ranging from about 
2.54 mm (about . 1 00 inches) to about 1 5.24 mm (about . 
600 inches), and preferably about 7.62 mm (about .300 
inches). The tubular portion 1 8 of Figure 9, which is the 
embodiment of Figure 1 , has a length L2, preferably rang- 
ing from about 12.7 mm (about .500 inches) to about 
43.18 mm (about 1.700 inches), and preferably about 
22.38 mm (about .881 inches) which is greater than 
length L1 due to the space needed to create the spiral 
spacers 40a, 40b. However, once the spacers 40a, 40b 
move from their aligned position to their expanded posi- 
tion, the end of the tubular portion 1 8 contracts to close 
the gap created by the spiral cutouts to move to a length 
L3 which is preferably closed to length L1 . 
[0042] Figures 11 and 12 illustrate an alternate em- 
bodiment of the fitter/designated by reference numeral 
1 1 0. Filter 1 1 0 is identical to filter 1 0, except for the tubular 
portion and spacer, and therefore has been labeled with 
numerals in the "1 00" series corresponding to the double 
digit numbering of filter 1 0. Thus, filter 1 1 0 has struts 1 1 4, 
interconnecting struts 114a, 114b, hooks 172a, 172b, 
etc. and therefore for brevity these parts will not again 
be described. 

[0043] Tubular portion 1 50 of filter 1 1 0 has a hook 1 92 
identical to hook 92 of Figure 1 . However, tubular portion 
150 has a single spiral cutout 152, preferably formed by 
laser cutting, which forms a spiral spacer 1 54. The spiral 
spacer 1 54 has a shape memory position of that shown 
in Figures 1 1 and 12, extending radially from the tubular 
portion 150. When exposed from the sheath it unravels 
to move from a collapsed position substantially flush with 
the tubular portion 150 to its shape memory position form- 
ing an open loop starting at end 155 and wrapping over 
360 degrees, terminating at edge 157. In this manner 
loop portions 156 and 158 are 180 degrees apart and 
the circular loop surfaces contact the inner wall of the 
vessel. It is also contemplated that the spacer can wrap 
a smaller or greater distance (degrees) than that shown 
and be oval or shapes other than circular. The loop can 
lie in a single plane or in multiple planes. 
[0044] Figure 17 discloses an alternate embodiment 
of the fitter which is identical to the filter shown in Figure 
1 1 except for the spiral spacer 264. The filter 21 0 is la- 



beled with reference numerals in the "200 series" corre- 
sponding to the "100 series* labeled parts of the Figure 
11 embodiment and therefore has struts 214, hooks 
272a, 272b, etc. The tubular portion and spacer, being 
different, have non-correlating reference numerals. More 
specifically, tubular portion 260 has a spiral cutout 262 
to form a spacer 264. The distal (cranial) terminal end 
266 of the cutout 262 has an increased width to form a 
spacer end 269 of increased width "w", shown in Figure 
1 7 A. This provides increased support for the spacer as 
it reduces stress at that part. Spiral spacer 264 loops 
around tubular portion 260 in a similar manner as spacer 
1 54 of Figure 1 1 , preferably wrapping over 360 degrees, 
although other degrees are contemplated. Opposed 
looped ends 267 and 269 are about 1 80° apart and the 
outer surfaces contact opposing sides of the vessel wall. 
As with spacers 154, the outer surfaces along the loop 
contact the vessel wall due to the circular configuration 
of the spacer 264. 

[0045] In the embodiment of Figu re 18, the spacer 364 
of filter 31 0 wraps around the tubular portion 360 in dif- 
ferent planes, as opposed to the single plane of the em- 
bodiment of Figures 11 and 17! More specifically, in the 
expanded position, spacer 364 emerges from the distal 
(cranial) end 366 of cutout 365 and wraps at an angle 
toward the caudal end of the filter. Thus, as seen, the 
first end 372 of loop portion 370 lies in a plane proximal 
of the plane containing end 371 of loop portion 370 and 
distal of the plane containing the end 374 of loop portion 
376. In other words, loop portion 378 lies, as viewed ax- 
ially, between loops 370, 376. The remaining portions of 
the filter are identical to filter 210 of Figure 17 and are 
labeled with corresponding parts in the "300" series. 
[0046] Figures 1 9 and 1 9A illustrate the cranial end of 
an alternate embodiment of the filter having two looped 
spacers extending radially from the tubular portion 324. 
In the collapsed position of Figure 1 9A, spacers 320, 322 
are wrapped around tubular portion 324 so they are sub- 
stantially flush with the wall of the tubular portion 324. 
The spacers 320, 322 are formed by two spiral cutouts 
326, 328 formed in the wall of tubular portion 324. In the 
expanded position, spacer 320 emerges from the proxi- 
mal (caudal) end 329 of cutout 328, extending in a sub- 
stantially circular or spiral path around the tubular portion 
324, preferably for about 300 degrees (although other 
degrees are contemplated), with surfaces 321 , 323 about 
180° apart contacting opposing surfaces of the vessel 
wall. Spacer loop 320 terminates at end 323 to form an 
open loop. Spacer 322 emerges from the distal (cranial) 
end of the cutout 326, wrapping around tubular portion 
324 in the direction opposite of spacer 320. Similar to 
spacer 320, spacer 322 extends for about 300 degrees 
(although other degrees are contemplated), with oppos- 
ing surfaces 325, 327 contacting opposite portions of the 
vessel wall. Spacer loop 322 terminates at end 331 to 
form an open loop. Hook 330 is preferably identical to 
hook 92 of the filter embodiment of Figure 1 . 
[0047] In the embodiment of Figure 20, open spacer 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 894 543 A1 



12 



loops 420 and 422 each start at a proximal end of cutout 

426, with spacer 420 starting proximal of spacer 422. 
Cutout 426 has f irst cutout 426a and second cutout 426b, 
formed in an alternating pattern. Spacers 420, 422 lie in 
multiple planes, preferably wrap around tubular portion 
424 in opposite directions, extending for about 300 de- 
grees (although other degrees are contemplated) and 
have respective opposing surfaces 421, 423 and 425, 

427, respectively for contacting opposing sides of the 
vessel wall. Spacers 420, 422 terminate in ends 430, 432. 
[0048] In the embodiment of Figure 21, open spacer 
loops 520, 522 are formed emerging from the distal end 
of cutouts 526a, 526b, with spacer 520 emerging distal 
of spacer 522. Spacers 520, 522 lie in different planes. 
Similar to loops 420, 422 of the embodiment of Figure 
21 , spacer 520 has opposing surfaces 521 and 523 and 
spacer 522 has opposing surfaces 525, 527. Loops 520, 
522 lie in multiple, planes. 

[0049] In the embodiment of Figure 22, open spacer 
loops 620, 622 extend from the distal end of cutout 626a, 
626b. As shown, the cutouts are formed in an intertwined 
spiral fashion resulting in a spiral spacer when unraveled 
(expanded). The solid strip between cutout 626a is des- 
ignated by reference numeral 630 and the solid strip be- 
tween cutout 626b is designated by reference numeral 
632. 

[0050] To enable mpvement between an expanded 
andcollapsed configuration, the filter of the embodiments 
described herein, as noted above, is preferably made of 
shape memory metal material, such as Nitinol, a nickel 
titanium alloy, and preferably manufactured from a laser 
cut tube. To facilitate passage of the filter through the 
lumen of the delivery sheath 700 (shown in Figure 13 in 
conjunction with the method of insertion) and into the 
vessel, cold saline is injected into the delivery sheath or 
catheter 700 and around the filter in its collapsed position 
within the delivery sheath 700. This shape memory ma- 
terial characteristically exhibits rigidity in the austenitic 
state and more flexibility in the martensitic state. The cold 
saline maintains the temperature dependent filter in a 
relatively softer condition as it is in the martensitic state 
within the sheath. This facilitates the exit of filterfrom the 
sheath 700 as frictional contact between the filter and 
the inner surface of the sheath would otherwise occur if 
the filter was maintained in a rigid, i.e. austenitic, condi- 
tion. 

[0051 ] Once ejected from the delivery sheath or cath- 
eter 700, the filter is no longer cooled and is exposed to 
the warmer body temperature, which causes the filter to 
return towards its austenitic memorized configuration. 
[0052] In the placement (expanded) configuration, the 
filter moves towards its memorized position and the ex- 
tent it returns to its fully memorized position will be de- 
pendent on the size of the vessel in which the filter is 
inserted. (The larger the vessel, the closer the filter 
comes to returning to it's fully memorized position). The 
extent of movement of the spacer(s) to its f ul ly memorized 
position could also be limited by the size of the vessel. 



[0053] ; The filter can be inserted through the jugular 
vein in the neck of the patient or through the femoral vein 
in the leg of the patient or the arm. The filters can also 
be placed in the superior vena cava. 

5 [0054] Figures 1 3-1 5 illustrate delivery and placement 
of the filter 10, by way of example, in the inferior vena 
cava. Delivery catheter or sheath 700 is inserted through 
the femoral vein T and advanced. through the iliac arter- 
ies into the inferior vena cava. Delivery catheter 700 is 

10 withdrawn once the tip of the sheath is adjacent the struc- 
ture so that withdrawal of the sheath would place the filter 
in the desired location of Figure 1 5. Tubing 704 and valve 
assembly 706 enable saline injection. Delivery catheter 
700 is withdrawn to enable filter 1 0 to be warmed by body 

is temperature to transition to the expanded placement con- 
figuration. The other filters described herein could be in- 
serted in the same manner. Note it is implanted in the 
orientation such that filter section 1 9 is downstream of 
the flared section 1 7. This enables blood clots or other 

20 particles to be directed to the center of the filter section 
by the angled struts. Thus the direction of insertion, e.g. 
upstream or downstream direction, will determine how 
the filter is to be positioned in the delivery catheter. 
[0055] The foregoing filters can be removed from ac- 

25 cess through the internal jugular or femoral vein. Various 
methods can be used to remove the filter such as those 
described in commonly assigned co-pending '429 appli- 
cation, the entire contents of which is incorporated herein 
by reference, includingforexample,slotted hooks, grasp- 

30 ers, etc. 

[0056] A recess or cutout is preferably provided at the 
tubular end portion to form a hook portion 90, as shown 
for example in Figures 7 and 9, having a curved hook 92 
at the proximalmostendto receiveasnare orotherdevice 
35 for removal as described in the filter of the '429 applica- 
tion. 

[0057] This hook 92 is configured to receive a retrieval 
snare or other retrieval device. A portion of the wall of 
the hook 90 is cut out to expose the annular interior sur- 

40 face 94. This annular interior surface 94 extends from 
radiused region 95 to proximalmost edge 96. The interior 
surface 94, for ease of explanation, can be considered 
to have an interior surface at the radiused region 95 and 
aninteriorsurface 94b at the hook 92. The interior surface 

4$ 94b accommodates a portion of a tubular snare sheath. 
That is, the outer wall of the snare sheath (tube) can 
partially fit within the cut out region. This enhances re- 
moval as the snare pulls the filter hook into collinear ar- 
rangement with the sheath tube as described and shown 

50 in Figures 1 3H-13N of the '429 application. The radiused 
region 95, spaced axially (distal) from the hook 92, in- 
cludes a radiused or curved edge defined by radiused 
side walls 97a, 97c and top wall 97b. The angled side 
walls 97a, 97c form camming surfaces to direct the hook 

55 90 and filter into the retrieval sheath. 

[0058] When the filter is grasped by the retrieval device 
and pulled distally to disengage from the vessel walls, 
the spacers flex inwardly. This is shown for example in 
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Figure 15, wherein spacers 40a, 40b of filter 10 flex in 
the direction of the arrow as the filter is pulled into retrieval 
sheath 800. 

[0059] It should be appreciated, that the hook can be 
formed in other ways to provide an interior annular sur- 
face to function in a similar manner as surface 94, i.e. to 
receive the snare tube. When the filter is pulled into the 
retrieval sheath it is collapsed for removal. 
[0060] Figure 9A illustrates an alternate embodiment 
of the hook portion 600 having an elongated hook 602 
curving inwardly: This provides increased hooking area 
for the retrieval snare. 

[0061] To facilitate removal of the filter from the vessel, 
cold saline can be injected onto the implanted filter to 
change the temperature of the filter to move it to a rela- 
tively softer condition to facilitate the filter being drawn 
into the retrieval sheath. That is, injection of cold saline 
will cause the filter to approach its martensitic state, bring- 
ing the filter to a more flexible condition. The flexible con- 
dition facilitates the collapse and withdrawal of the filter 
into the retrieval sheath by decreasing the f fictional con- 
tact between the filter and the innersurface of the retrieval 
sheath. 

[0062] A delivery system which can be used for the 
filter of the present invention which includes a filter car- 
tridge, is shown and described in the '429 application. 
[0063] White the aboye description contains many 
specifics, those specifics should not be construed as lim- 
itations on the scope of the disclosure, but merely as 
exemplifications of preferred embodiments thereof. For 
example, the foregoing filters can be inserted in other 
regions of the body. Also, the foregoing filters can be 
made of materials other than shape memory material. 
Those skilled in the art will envision many other possible 
variations that are within the scope of the claims append- 
ed hereto. 



Claims 

1 . A vessel filter comprising a first region and a second 
region (17), the filter movable between a collapsed 
position for delivery to the vessel and an expanded 
position for placement within the vessel, the first re- 
gion having a filter portion (1 9) having a converging 
region (21) to direct particles toward the center of 
the filter, the first region including a plurality of 
spaced apart elongated struts (14, 114, 214) and a 
plurality of connecting struts (14a, 14b, 114a, 114b) 
extending at an angle from the elongated struts, the 
second region (1 7) being flared in the expanded po- 
sition to have a transverse dimension increasing to- 
ward a second end portion opposite the filter portion, 
the second region including a vessel engaging por- 
tion (72a, 72b, 1 72a, 1 72b, 272a, 272b) at the sec- 
ond end portion, the first region having a spacer (40a, 
40b, 70\ 70", 1 54, 264, 364, 420, 422, 520, 522, 620, 
622) extending radially with respect to a longitudinal 



axis of the filter. 

2. A vessel filter as claimed in claim 1 , characterized 
in that the spacer (40a, 40b, 70', 70", 1 54, 264, 364, 
5 420, 422, 520, 522, 620, 622) is formed from a spiral 
cutout (45a, 45b, 1 52, 262, 320, 322, 326, 328, 365, 
426, 426a, 426b, 526a, 526b, 626a, 626b) in the first 
region of the filter. 

10 3. A vessel fitter as claimed in claim 1 or 2, character- 
ized in that the spacer (40a, 40b, 420, 422, 520, 
522, 620, 622) comprises two portions extending on 
opposite sides of the filter. 

15 4. A vessel filter as claimed in claim 3, characterized 
in that the spacer (40a, 40b, 420, 422, 520, 522, 
620, 622) comprises two looped portions. 

5. A vessel filter as claimed in any preceding claim, 
20 characterizedinthatthespacer(40a, 40b, 70', 70", 
154, 264, 364, 420, 422, 520, 522, 620, 622) is 
f ormed integrally with the filter and is formed of shape 
memory material. 

25 6. A vessel filter as claimed in any preceding claim, 
characterized in that the vessel engaging portion 
(72a, 72b) includes vessel engaging hooks having 
a plurality of teeth (79a, 79b). 

30 7. A vessel filter as claimed in claim 6, characterized 
in that the vessel engaging hooks (72a, 72b) include 
a heel (77a, 77b) extending past the hook. 

8. A vessel filter as claimed in any preceding claim, 
35 characterized in that the filter is formed from a laser 

cut tube (11) and composed of shape memory ma- 
terial. 

9. A vessel filter as claimed in any preceding claim, 
40 characterized in that the converging region (21) 

terminates in a tubular portion (18, 150, 260, 324, 
360, 424) and each of the elongated struts (1 4, 1 1 4, 
214) in the first region (19) extends outwardly from 
the tubular portion, the spacer (40a, 40b, 70', 70", 
45 154, 264, 364, 420, 422, 520, 522, 620, 622) in the 
expanded position extending radially from the tubu- 
lar portion. 

10. A vessel filter as claimed in claim 9, characterized 
50 in that the spacer (40a, 40b, 70', 70", 1 54, 264, 364, 

420, 422, 520, 522, 620, 622) is formed from a spiral 
(45a, 45b, 152, 262, 320, 322, 326, 328, 365, 426, 
426a, 426b, 526a, 526b, 626a, 626b) cut in the tu- 
bular portion (18, 150, 260, 324, 360, 424). 

55 

11. A vessel fitter as claimed in claim 9 or 10, charac- 
terized in that the spacer (40a, 40b, 70', 70", 154, 
264, 364, 420, 422, 520, 522, 620, 622) has a looped 
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shape memory position arid during delivery has a 
collapsed position substantially flush with the tubular 
portion (18, 150, 260, 324, 360, 424). 

12. A vessel filter as claimed in any preceding claim, 5 
characterized in that the first region further in- 
cludes a retrieval region (90), the retrieval region in- 
cluding a hook (92, 1 92, 330) having a cutout expos- 
ing ah internal annular surface (94), the annular sur- 
face dimensioned to receive a portion of a retrieval 10 
sheath (800). 
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